GB virus C (GBV-C) is a common human flavivirus that, because of shared modes of transmission, has a high prevalence (up to 42%) among human immunodeficiency virus (HIV)-infected individuals [1] . Although GBV-C infection is not convincingly associated with any human disease, several studies and a meta-analysis involving 1294 subjects found an association between persistent GBV-C infection and prolonged survival in HIV-infected individuals [2] . Consistent with these findings, GBV-C load is inversely related to HIV load in coinfected individuals [3] . Additionally, both GBV-C infection and expression of 2 GBV-C proteins inhibit HIV replication in human CD4 + T cells [4] . GBV-C is lymphotropic and replicates in T and B cells [5] . Thus, GBV-C infection may alter lymphocyte functions, which could potentially interfere with HIV infection [4] . HIV infection is associated with chronic immune activation, which contributes to HIV replication and AIDS progression [6, 7] . Immune activation correlates with HIV load and HIV disease progression [8] . Effective combination antiretroviral therapy (ART) reduces T-cell activation but not to levels observed in HIV-uninfected people [9] . GBV-C and HIV coinfection is associated with significantly lower levels of T-cell activation and with reduced CD4 + T-cell expansion in response to therapeutic interleukin 2 infusion in vivo and in vitro [10] [11] [12] . The mechanisms by which GBV-C infection might lower immune activation and proliferation are not understood. However, these effects may limit HIV infection and potentially slow disease progression. Double-negative (ie, CD3 + CD4 − CD8 − ) T cells play an important role in reducing immune activation and in maintaining immune homeostasis during infection, inflammation, and autoimmunity [13] . Recently, the level of double-negative T cells was shown to inversely correlate with T-cell activation and proliferation in subjects with acute HIV infection [14] . In addition, double-negative T cells were associated with the secretion of the immunosuppressive cytokines interleukin 10 and transforming growth factor β, which may contribute to the reduced activation. Since GBV-C coinfection is associated with lower T-cell activation and proliferation in HIV-viremic subjects, we examined HIV-infected subjects with nondetectable levels of HIV RNA in plasma who were receiving combination ART, to determine whether there is an association between GBV-C viremia, double-negative T cells, and T-cell activation.
METHODS

Subjects
Asymptomatic HIV-positive individuals attending the University of Iowa HIV Clinic who were receiving ART and had HIV loads below the limit of detection (<48 copies/mL) for >6 months were invited to participate. The average duration of HIV load suppression was 60 months in subjects with GBV-C viremia and 72 months in those without GBV-C viremia [10] . Subjects were selected who had previously been tested for GBV-C viremia, to provide comparable numbers of people with HIV and GBV-C coinfection and people with HIV monoinfection. The clinical characteristics of the cohort was previously described [10] . This study was approved by the University of Iowa Institutional Review Board, and all subjects provided written consent.
Peripheral Blood Mononuclear Cell (PBMC) Isolation and Flow Cytometry
PBMCs were isolated by Ficoll-Hypaque (Pharmacia Biotech) density-gradient centrifugation within 4 hours of blood collection and were evaluated by flow cytometry, using the following antibodies as directed by the manufacturer (Becton Dickinson Biosciences; BD): CD3 (Pacific Blue), CD4 (APC-H7), CD8 (FITC), and CD38 (PerpCp-Cy5.5). The LIVE/DEAD fixable aqua dead cell stain kit (Invitrogen) was used to determine cell viability. Cells were incubated with antibodies on ice for 1 hour, washed 3 times with phosphate-buffered saline, and fixed in 2% paraformaldehyde (Polysciences). Data were acquired using a BD LSRII flow cytometer, and CompBeads (BD) were used for compensation. At least 20 000 live CD3 + events were collected. Data analysis was performed using FlowJo software (Tree Star).
Statistical Analysis
Statistics analyses were performed using GraphPad software V4.0 (GraphPad Software). Comparisons between the 2 groups were performed using Mann-Whitney U tests. Correlation between GBV-C load and double-negative T cells was evaluated by linear regression analysis and Spearman's rho. P values of <.05 were considered statistically significant.
RESULTS
Forty-two HIV-infected subjects who were effectively treated with combination ART were evaluated. A total of 21 subjects had GBV-C viremia, with an average GBV-C load of 1.6 × 10 8 genome copies/mL. There were no statistically significant differences between the GBV-C-positive and GBV-C-negative groups with respect to age (46. Figure 1A ). The GBV-C load correlated with doublenegative T-cell levels ( Figure 1B and C) . Expression of CD38 on the surface of CD4 + and CD8 + T cells has proven useful in quantifying the level of T-cell activation in subjects with HIV infection [9, 12, 14] . We found that CD38 surface expression on CD4 + and CD8 + T cells was significantly lower among subjects with GBV-C viremia, compared with subjects without GBV-C viremia: for CD4 + T cells, median values were 49.35% (IQR, 30.9-80.6) and 63.6% (IQR, 44.9-81.5; P = .003; Figure 2A) Figure 2B ). To assess the relationship of T-cell activation with doublenegative T-cell level and with GBV-C load, we examined the correlation between CD38 expression and either doublenegative T-cell level or GBV-C load. Although there were significant differences in levels of double-negative T cells and levels of activation between GBV-C-viremic subjects and nonviremic controls, we did not observe a statistically significant correlation between levels of CD38 expression and either the double-negative T-cell level (Spearman r = −0.02) or the GBV-C load (for CD4 + CD38 + T cells, Spearman r = −0.22;
for CD8 + CD38 + T cells, Spearman r = 0.18).
DISCUSSION
Chronic immune activation during HIV infection is characterized by increased HIV load, lower CD4 + T-cell gain after
ART, loss of CD4 + T cells by activation-induced cell death, and immune dysfunction [7, 9] . Several, although not all, studies observed a beneficial association between GBV-C infection and survival in HIV-infected individuals [4] . Although the mechanisms for this protective effect are not fully understood, recent studies indicate that GBV-C is associated with reduced T-cell activation in vivo and in vitro [10, 12] . In this study, we found that GBV-C viremia is associated with a reduction of T-cell activation among HIV-infected subjects with a suppressed HIV load, compared with HIV-infected subjects without GBV-C viremia (Figure 2 ). Because combination ART also reduces T-cell activation, the effect of GBV-C viremia on T-cell activation in these subjects appears to have been modest, compared with the effect previously reported for individuals with GBV-C and HIV viremia [12] . Nevertheless GBV-C viremia was associated with reduced T-cell activation in subjects with suppressed HIV RNA load who were receiving combination ART.
A role for double-negative T cells in the regulation of immune responses to viral infections is increasingly being recognized [13] , and human double-negative T cells are important modulators of cytokine production and T-cell proliferation [15] . Higher levels of double-negative T cells are associated with reduced T-cell activation and proliferation during acute HIV-1 infection [14] . The effect on T-cell activation appears to be related to the secretion of the immunosuppressive cytokines interleukin 10 and transforming growth factor β. Among HIV-positive individuals successfully treated with ART for >6 months, we found that GBV-C-viremic subjects had a significantly higher percentage of double-negative T cells, compared with subjects without GBV-C viremia ( Figure 1A) . The percentage of double-negative T cells in the peripheral blood correlated significantly with GBV-C load, suggesting a causal relationship between increased GBV-C viremia and an increased percentage of double-negative T cells ( Figure 1B) . Although the mechanism for higher levels of double-negative T cells during GBV-C infection has not been studied, the immunosuppressive functions of double-negative T cells may contribute to lower immune activation in these individuals. Although the levels of double-negative T cells were higher and CD38 expression lower in GBV-C-viremic subjects, we did not observe a significant correlation between levels of double-negative T cells and activation, as measured by the expression of CD38 on CD4 + or CD8 + T cells. Thus, although the higher levels of double-negative T cells may contribute to the reduction in immune activation in GBV-C-viremic subjects, other mechanisms of inhibition of activation by GBV-C may be involved. Current studies are underway to better characterize the mechanisms by which GBV-C reduces immune activation. In summary, we found that GBV-C viremia is associated with reduced T-cell activation and an increased percentage of double-negative T cells in HIV-positive subjects receiving combination ART. Because chronic immune activation contributes to HIV disease progression, GBV-C infection-mediated diminution of immune activation and proliferation may protect against HIV disease, and the observed increase in double-negative T cells among those with GBV-C infection may contribute to this reduction in immune activation during HIV infection. Further understanding of the mechanisms by Figure 1 . GB virus C (GBV-C) viremia is associated with an increase in double-negative T cells. The percentage of CD3 + T cells that lacked surface expression of both CD4 and CD8 was significantly higher among human immunodeficiency virus (HIV)-infected subjects with GBV-C viremia, compared with those without GBV-C viremia (A). Among GBV-C-viremic subjects, the double-negative T-cell percentage (B) and the absolute T cell count (C) were correlated with the GBV-C load. The Spearman test was used to calculate r and P values, and results of best-fit linear regression analysis are shown. Gated cells were normalized to 10 5 total events.
which GBV-C alters immune activation and proliferation and regulates double-negative T cells may lead to novel approaches to HIV therapy. Figure 2 . GB virus C (GBV-C) viremia is associated with reduced Tcell activation in subjects with a nondetectable human immunodeficiency virus load who were receiving antiretroviral therapy (ART). T-cell activation, as measured by the percentage of CD38-expressing CD4 + (A) and CD8 + (B) T cells, was significantly lower in GBV-C-viremic subjects receiving combination ART, compared with subjects without GBV-C viremia.
Notes
